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(54) A method of aluminising a superalloy 

(57) A high rhenium containing single crystal super- 
alloy (30) is cli remised, or coated with cobalt, before the 
conventional aluminising process steps to modify the 
surface of the higii rhenium containing single crystal su- 
peralloy to prevent the formation of topologlcally close 



packed phases at the interface between the aluminide 
coating (32) and the rhenium containing single crystal 
superalloy. The invention is particularly applicable to 
platinum aluminide coatings, platinum aluminide-silicide 
coatings and alumlnice-siiicide coatings. 
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Descrlpti n 

The present Invention relates to the application of 
aluminide coatings to superalloys, in particular single 
crystal superalloys. 

Single crystal superalloys have been developed for 
gas turbine engine turbine blades and turbine vanes to 
provide optlnnum high temperature strength for the tur- 
bine blades and turbine vanes. However, the changes 
in the composition of the single crystal superalloys com- 
pared to the composition of earlier superalloys has re- 
sulted in these single crystal superalloys experiencing 
increased surface degradation. In addition there is a re- 
quirement for the turbine blades and turbine vanes to 
have longer sen^ice lives. Thus these single crystal su- 
peralloy turbine blades and turbine vanes are not pro- 
viding satisfactory service lives due to their degradation 
by corrosion and oxidation. 

These single crystal superalloys generally com- 
prise rhenium, for example 2 to 8 wt% together with rel- 
atively high levels of tungsten and tantalum to obtain the 
high temperature strength characteristics. These single 
crystal superalloys are very strong at high temperatures 
due to the benefits of the rhenium, tungsten and tanta- 
lum. 

In order to increase the service lives of single crystal 
turbine blades and turbine vanes it is desirable to protect 
the surface of the single crystal turbine blades or turbine 
vanes with a protective coating. One known type of pro- 
tective coating which is commonly applied to turbine 
blades and turbine vanes is a platinum aluminide coat- 
ing. The platinum aluminide coatings are applied by first- 
ly coating the turbine blades, or turbine vanes, with plat- 
inum and by secondly atuminising the platinum coated 
turbine blades, or turbine vanes, using an alumlnising 
processes. The alumlnising process may be by pack 
alumlnising process, by the out of pack gas phase alu- 
minislng process, by chemical vapour deposition or by 
other processes well known to those skilled in the art. 

However, it has been found that if high rhenium con- 
taining single crystal superailoy turbine blades, or tur- 
bine vanes, are platinum aluminised using conventional 
processes topologically close packed phases are 
formed at the Interface between the coating and the sin- 
gle crystal superailoy. High rhenium containing single 
crystal superalloys are those containing more than 4 
wt% rhenium. These topologically close packed phases 
are formed directly following alumlnising or following ex- 
posure to high temperatures. The topologically close 
packed phases contain high levels of rhenium, tungsten 
and chromium compared to the single crystal superai- 
loy, and are more easily formed with Increasing levels 
of rhenium in the since crystal superailoy. The topolog- 
ically close packed phases increase in amount with In- 
creasing time at high temperatures. The topologically 
close packed phases adversely effect the mechanical 
properties of the single crystal superailoy. Thus It is not 
possible to use a conventional platinum aluminide coat- 



ing to increase the resistance to degradation of a high 
rhenium containing single crystal superailoy without de- 
creasing the mechanical properties of the single crystal 
superailoy. 

5 Other types of protective coatings which are com- 
monly applied to turbine blades and turbine vanes are 
aluminide-silicide coatings, platinum atuminide-sllicide 
coatings, simple aluminide coatings and any other suit- 
able aluminide coatings. 

10 The aluminide coatings are applied using an alu- 
mlnising process, by the out of pack gas phase alumlnis- 
ing process, by the packaluminieing process, by chem- 
ical vapour deposition or other processes well known to 
those skilled in the art. 

IS One method of producing aluminkje-sllkjide coat- 
ings is by depositing a silicon filled organic slurry on a 
superailoy surface and then pack alumlnising as de- 
scribed in US4310574. The aluminium carries the sili- 
con from the slurry with it as it diffuses into the superal- 

20 toy. Another method of producing aluminide-silicide 
coatings is by depositing a slurry containing elemental 
aluminium and silicon metal powders to a superailoy 
surface and then heating to above 760 degrees C to melt 
the aluminium and silicon in the slurry, such that they 

2S react with the superailoy and diffuse Into the superailoy 
A further method of producing aluminide-silicide coat- 
ings is by repeatedly applying the aluminium and silicon 
containing slurry and heat treating as described in 
US5547770. Another method of producing aluminide- 

30 silicide coatings is by applying a slurry of an eutectic 
aluminium-silicon or aslurry of elemental aluminium and 
silicon metal powders to a superailoy surface and diffu- 
sion heat treating to form a surface layer of increased 
thickness and reduced silicon content, and a layering 

55 layer which comprises alternate continuous interleaved 
layers of aluminide and silicide phases and a diffusion 
interface layer on the superailoy as described in pub- 
lished European patent application No. 0619856A. 
One method of producing the platinum aluminide- 

40 silicide coatings is by coating the superaltoy of the tur- 
bine blades, or turbine vanes, with platinum, then heat- 
ing to diffuse the platinum into the turbine blade and then 
simultaneously diffusing aluminium and silicon from the 
molten state into the platinum enriched turbine blade as 

45 described in published International patent application 
No. W095/23243A. Another method of producing plat- 
inum aluminide-silicide coatings is by coating the super- 
alloy turbine blades with platinum, then heat treating to 
diffuse the platinum into the turbine blade, a silicon layer 

so Is applied and is then aluminised as described in pub- 
lished European patent application No, 0654542A. It Is 
also possible to diffuse the silicon into the turbine blade 
with the platinum as described in EP0654542A. A fur- 
ther method of producing platinum aluminide -silicfcle 

55 coatings is by electrophoretically depositing platinum- 
silicon powder onto the turbine blades, heat treating to 
diffuse platinum and silicon into the turbine blades, elec- 
trophoretically depositing aluminium and chromium 
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powder and then heat treating to diffuse the aluminium 
and chromium Into the turbine blades as described in 
US5057196. 

It has been found that if high rhenium containing sin- 
gle crystal superalloy turbine blades, or turbine vanes, 
are coated with platinum aluminide-siitcide coatings us- 
ing the method described in W095/23243A that topo- 
logically close packed phases are formed at the inter- 
face between the coating and the single crystal super- 
alloy, it is believed that if high rhenium containing single 
crystal superalloy turbine blades, or turbine vanes, are 
coated with platinum aluminide-sillcide coatings by the 
other methods described that topologically close 
packed phases will be formed. 

It has also been found that if high rhenium contain- 
ing single crystal superalloy turbine blades, or turbine 
vanes, are coated with aluminide-silicide coatings using 
the method described in US5547770 that topologically 
close packed phases are formed at the interface be- 
tween the coating and the single crystal superalloy. It Is 
believed that if high rhenium containing single crystal 
superaltoy turbine blades, or turbine vanes, are coated 
with aluminide-sillcide coatings by any of the other suit- 
able methods described that topologically close packed 
phases will be formed. 

We believe that It is the high rhenium content of the 
single crystal superalloy which is responsible for forming 
the topologically close packed phases and that these 
phases will be formed during simple aluminising. 

Thus additionally it is not possible to use platinum 
aluminide-sillcide coatings, aluminide-silicide coatings 
or simple aluminide coatings to increase the resistance 
to degradation of a high rhenium containing single crys- 
tal superalloy without decreasing the mechanical prop- 
erties of the single crystal superalloy. 

The present invention seeks to provide a method of 
aluminising a high rhenium containing single crystal su- 
peraltoy which overcomes the above mentioned prob- 
lem. 

Accordingly the present Invention provides a meth- 
od of aluminising a high rhenium containing superalloy, 
comprising the steps of: 

(a) modifying the surface of the high rhenium con- 
taining superalloy, by applying a layer of a suitable 
metal to the surface of the high rhenium containing 
superalloy and heat treating to diffuse the suitable 
metal into the high rhenium containing superalloy 
to reduce the rhenium content of the surface of the 
high rhenium containing superalloy, and 

(b) aluminising the high rhenium containing super- 
alloy to form an aluminide coating. 

The suitable metal may be any metal which modifies 
the diffusion characteristics to reduce the fomiation of 
the regions of high rhenium content. Suitable metals are 
any metals compatible with the superalloy, for example 
cobalt, chromium and similar metals. 



Step (a) may comprise applying the suitable metal 
to the high rhenium containing superatby by electroplat- 
ing, sputtering, pack diffusion, out of pack diffusion, 
chemical vapour deposltran or physical vapour deposi- 
B tlon. 

The invention is particularly applicable to platinum 
aluminide coatings, platinum aluminide-sillcide coatings 
and aluminide-silicide coatings, but is generally applica- 
ble to all aluminide coatings on high rhenium containing 
superalloys. 

The present invention will be more fully described 
by way of examples with reference to the accompanying 
drawings, in whlch:- 

Figure 1 is a cross-sectional view through a prior art 
platinum aluminide coating on a low rhenium containing 
single crystal superalloy. 

Figure 2 is a cross-sectional viewthrough a prior art 
platinum aluminide coating on a high rhenium contain- 
ing single crystal superalloy. 

Figure 3 is a cross-sectional view through the prior 
art platinum aluminide coating on a high rhenium con- 
taining single crystal superalloy after ageing at a high 
temperature. 

Figure 4 is cross-sectional view through a chromi- 
um modified platinum aluminide coating according to 
the present invention on a high rhenium containing sin- 
gle crystal superalloy 

Figure 5 is a cross-sectional viewthrough a cobalt 
modified platinum coating according to the present in- 
vention on a high rhenium containing Single crystal su- 
peralloy 

Figure 6 is a cross-sectional view through a cobalt 
modified platinum coating according to the present in- 
vention on a high rhenium containing single crystal su- 
peralloy after ageing at a high temperature. 

In conventional, prior art, platinum aluminising proc- 
ess for a single crystal superalloy the single crystal su- 
peralloy is e\QcXrop\aXe6 with a layer of platinum, and the 
platinum plated single crystal superalloy is heat treated 
in a vacuum to diffuse the platinum Into the single crystal 
superalloy The heat treated, platinum plated single 
crystal superalloy is aluminlsed using pack aluminising, 
out of contact gas phase aluminising, chemical vapour 
deposition or other suitable process. The aluminlsed, 
diffused, platinum plated single crystal superalloy is 
then heat treated in a protective atmosphere to optimise 
the platinum aluminide coating microstructure and com- 
position and to maximise the mechanical properties of 
the single crystal superalloy. 

During the heat treatment to diffuse the platinum In- 
to the single crystal superalloy after deposition of the 
platinum layer on the single crystal superalloy diffusion 
occurs between the platinum and the single crystal su- 
peralloy to form a surface layer containing platinum, 
nfekel and other superalloy elements. The heat treat- 
ment diffusion step is of sufficient time and temperature 
to ensure that a suitable composition Is attained in the 
diffused platinum layer so that the required platinum alu- 
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minide coating is obtained following the aluminising and 
heat treatment process steps. A conventional platinum 
aluminide coating 12 on a single crystal superalloy sub- 
strate 10 is shown in figure 1. 

However, when a high rhenium containing single 
crystal superalloy is heat treated after deposition of the 
platinum layer, the Inward diffusing platinum produces 
a zone enriched In rhenium and other refractory ele- 
ments, for example tungsten and chromium, in front of 
it. In the subsequent aluminising and heat treatment 
process steps, to produce the required platinum alumi- 
nide coating, the zone enriched in rhenium and other 
refractory efements Is retained within the coating. This 
zone enriched in rhenium and other refractory elements 
acts as an Initiator for the formation of the topologicalty 
close packed phases. The topologically close packed 
phases are needle shaped. 

The topologically close packed phases form at the 
interface between the high rhenium containing single 
crystal superalloy and the platinum aluminide coating. 
The topologically close packed phases form either after 
all the process steps for forming the platinum aluminide 
or following exposure of the platinum aluminide and high 
rhenium containing single crystal superalloy to high tem- 
peratures. The topologicalty close packed phases con- 
tain high levels of rhenium, compared to the single crys- 
tal superalloy, and are more easily formed as the rhe- 
nium content of the single crystal superalloy increases. 
The topologically close packed phases effect the per- 
formance of the single crystal superalloy component, 
because the topologically close packed phase region 
has lower creep strength than the single crystal super- 
alloy. It will therefore reduce the effective load bearing 
cross-section of the turbine blade, or turbine vane. 

A conventional platinum aluminide coating 22 on a 
high rhenium containing single crystal superalloy sub- 
strate 20 after ageing at high temperature is shown in 
figure 3. Additionally topologically close packed phases 
24 are present at the interface between the platinum alu- 
minide coating 22 and the high rhenium containing sin- 
gle crystal superalloy substrate 20. 

The present invention modifies the surface of a high 
rhenium containing single crystal superalloy in a manner 
which allows the platinum layer to diffuse Into the high 
rhenium containing single crystal superalloy, in the fol- 
lowing heat treatment step, without the formation of the 
zone enriched in rhenium and other refractory elements 
in front of the platinum. The subsequent aluminising and 
heat treatment steps produce a platinum aluminide 
coating without topologically close packed phases at the 
interface between the high rhenium containing single 
crystal superalloy and the platinum aluminide. 

EXAMPLE 1 

A sample of a conventional low rhenium containing 
nickel based single crystal superalloy, for example 
CMSX4, was platinum aiuminised according to the fol- 



lowing procedure. 

CMSX4 is produced by the Cannon-Muskegon Cor- 
poration of 2875 Lincoln Street, Muskegon, Michigan Ml 
49443-0506, USA. CMSX4 has a nominal compositbn 
s of 6.4 wt% tungsten, 9.5 wt% cobalt, 6.5 wt% chromium, 
3.0 wt% rhenium, 5.6 wt% aluminium, 6.5 wt% tantalum, 
1.0 wt% titanium, 0.1 wt% hafnium. 0.6 wt% molybde- 
num, 0.006 wt% carbon and the balance is nickel. 
A platinum layer was deposited onto the tow rhe- 
10 nium containing nickel based single crystal superalloy 
by electroplating, sputtering, CVD, PVD or other suita- 
ble method to a thickness In the range 2.5 to 12.5 mi- 
crons and was heat treated in a vacuum, or a protective 
atmosphere, for 1 to 4 hours at a temperature within the 
15 range 900®C to 1150'C to diffuse the platinum into the 
low rhenium containing nickel based single crystal su- 
peralloy. More specifically the platinum was deposited 
by electroplating to a thickness of 7 microns and was 
heat treated in a vacuum for 1 hour at IIOO'^C. 
20 Then the diffused platinum plated low rhenium con- 
taining nickel based single crystal superalloy was aiu- 
minised by pack aluminising, out of pack aluminising or 
CVD aluminising within the temperature range 700*C to 
1150*'C. More specifically the diffused platinum plated 
25 low rhenium containing nickel based single crystal su- 
peralloy was pack aiuminised for 20 hours at 875'C. 

Then the platinum aiuminised low rhenium contain- 
ing nickel based single crystal superalloy was heat treat- 
ed in a vacuum, or a protective atmosphere, for 1 hour 
30 at 1 1 00*C and 1 6 hours at 870*C. 

A low rhenium containing nickel based single crys- 
tal superalloy with a platinum aluminide coating as 
shown in figure 1 was produced. Samples of the low rhe- 
nium containing nickel based single crystal superalloy 
35 with a platinum aluminide coating were exposed In cyclic 
oxidation tests for 200 hours at lOSO^C and for 100 
hours at 1100*C and no topologically close packed 
phases were found beneath the platinum aluminide 
coating in either case. 

40 

EXAMPLE 2 

Samples of a high rhenium containing nickel based 
single crystal superalloy, for example CMSX10, were 

45 platinum aiuminised according to the following proce- 
dure. The rhenium containing nickel based single crystal 
superalloy is known as CMSX 10 and is produced by 
the Cannon-Muskegon Corporation of 2875 Lincoln 
Street, Muskegon, Michigan Ml 49443-0506, U.S.A. 

50 This alloy has a nominal composition range of 3.5 to 6.5 
wt% tungsten, 2.0 to 5.0 wt% cobalt, 1 .8 to 3.0 wt% chro- 
mium, 5.5 to 6.5 wt% rhenium, 5.3 to 6.5 wt% aluminium, 
8.0 to 10.0 wt% tantalum, 0.2 to 0.8 wt% titanium, 0.25 
to 1 .5 wt% molybdenum, 0 to 0.03 wt% niobium, 0.02 to 

55 0.05 wt% hafnium, 0 to 0.04 wt% carbon and a balance 
of nickel. 

A platinum layer was deposited onto the samples 
of the high rhenium containing nickel based single crys- 
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tal superalloy by electroplating, sputtering, CVD, PVD 
or other suitable method to a thickness In the range 2,5 
to 12.5 microns and was heat treated In a vacuum, or 
protective atmosphere, for 1 to 4 hours at a temperature 
within the range 900°C to 1150*C to diffuse the platinum 
Into the high rhenium containing nickel based single 
crystal superalloy. More specifically the platinum layer 
was deposited by electroplating to a thtekness of 7 mi- 
crons and was heat treated for 1 hour at 1100®C. 

Then the diffused platinum coated samples of high 
rhenium containing nickel based single crystal superal- 
loy were aluminised using pack aluminising, out of pack 
aluminlsing or CVD alumlnising within the temperature 
range 700"C to 1150'*C. More specifically the diffused 
platinum coated high rhenium containing nickel based 
single crystal superalloy samples were aluminised using 
out of pack aluminlsing for 6 hours at 1080*C. 

Then the platinum aluminised samples of high rhe- 
nium containing nickel based single crystal superalloy 
was heat treated in a protective atmosphere for 1 hour 
at 1100^*0 and 16 hours at 870*^C. 

A high rhenium containing nickel base single crystal 
single crystal superalloy substrate 20 with a platinum 
aluminide coating 22 is shown in figure 2. 

One of the samples was examined and zones con- 
taining topoiogically close packed phases were found to 
a depth of 30 microns at the Interface between the plat- 
inum aluminide and the rhenium containing nickel based 
single crystal superalloy 

Samples of the high rhenium containing nickel 
based single crystal superalloy with a platinum aiumi- 
nrde coating were exposed in cyclic oxidation tests for 
100 hours at 1100°C, and subsequent examination re- 
vealed growth of the topoiogically close packed phases 
to form a continuous zone with a depth of 160 microns 
at the interface between the platinum aluminide and the 
rhenium containing nickel based single crystal superal- 
loy 

A high rhenium containing nickel based single crys- 
tal superalloy substrate 20 with a platinum aluminide 
coating 22 after ageing at a temperature of 1100*C Is 
shown in figure 3, which has topoiogically close packed 
phases 24. 

EXAMPLE 3 

Samples of a high rhenium containing nickel based 
single crystal superalloy were platinum aluminised ac- 
cording to the following procedure. The high rhenium 
containing nrckei based single crystal superalloy is 
known as CMXS 10 and is produced by the Cannon- 
Muskegon Corporation of 2875 Lincoln Street, Muske- 
gon, Michigan Ml 49443-0606, U.S.A. This alloy has a 
nominal composition as discussed above. 

Samples of the high rhenium containing nickel 
based single crystal superalloy had there surfaces mod- 
ified by formation of a chromium enriched surface layer 
using electroplating, sputtering, CVD, PVD or other suit- 



able methods plus a diffusbn heat treatment in vacuum, 
or protective atmosphere. More specifically the chromi- 
um enrichment was accomplished by out of pack 
chromising for 3 hours at a temperature of 1100*C to 
5 form a chromium enriched surface layer 15 microns in 
depth. 

A platinum layer was deposited onto the chromium 
enriched high rhenium containing nickel based single 
crystal superalloy by electroplating, sputtering, CVD, 
TO PVD or other suitable method to a thickness in the range 
2.5 to 12.6 microns and was heat treated in a vacuum, 
or protective atmosphere, for 1 to 4 hours at a temper- 
ature within the range 900*C to 1150*C to diffuse the 
platinum into the high rhenium containing nickel based 
single crystal superalloy. More specifically the platinum 
layer was deposited by electroplating to a thickness of 
7 microns and was heat treated for 1 hour at 1100*C. 

Then the chromlsed, diffused, platinum coated high 
rhenium containing nickel based single crystal superal- 
20 loy was aluminised by pack aluminlsing, out of pack alu- 
minlsing or CVD aluminlsing within the temperature 
range 700"C to 1160'C. More specifically the 
chromlsed, diffused, platinum coated high rhenium con- 
taining nickel based single crystal superalloy samples 
25 were aluminised using out of pack alumlnising for 6 
hours at 1080'*C. 

The platinum aluminised chromlsed high rhenium 
containing nickel based single crystal superalloy was 
heat treated for 1 hour at 1100*C plus 16 hours at 
30 870'*C. 

One of the samples was examined and no zones 
containing topoiogically close packed phases were 
found at the Interface between the platinum aluminide 
and the high rhenium containing nickel based single 

35 crystal superaltoy. 

Some of the samples were exposed to an oxidising 
environment for 100 hours at 1100*C, and subsequent 
examination revealed no topoiogically close packed 
phases at the interface between the platinum aluminide 

40 and the high rhenium containing nickel based single 
crystal superalby. 

A high rhenium containing nickel base single crystal 
single crystal superalloy substrate 30 with a chromium 
modified platinum aluminide coating 32 is shown in fig- 

4S ure 4. 

EXAMPLE 4 

Samples of a high rhenium containing nickel based 
so single crystal superalloy was platinum aluminised ac- 
cording to the following procedure. The high rhenium 
containing nickel based single crystal superalloy is 
known as CMSX 10 and is produced by the Cannon- 
Muskegon Corporation of 2876 Lincoln Street, Muske- 
55 gon, Michigan Ml 49443-0506, U.S.A. This alloy has a 
nominal composition as discussed above. 

Samples of the high rhenium containing nickel 
based single crystal superalloy had there surfaces mod- 
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ified by formation of a cobalt enriched surface layer us- 
ing electroplating, sputtering, CVD, PVD or other suita- 
ble methods plus a diffusion heat treatment in vacuum, 
or protective atmosphere. A cobalt layer was deposited 
onto the high rhenium containing single crystal superal- 
loy by electroplating, sputtering, CVD, PVD or other suit- 
able method to a thickness of 2.5 to 12.5 microns and 
was heat treated in a vacuum, or protective atmosphere, 
for 1 to 4 hours at a temperature within the range 900°C 
toilsome. 

More specifically the cobalt layer was deposited on- 
to the high rhenium containing nickel based single crys- 
tal superalloy by electroplating to a thickness of 7 mi- 
crons and was heat treated in a vacuum for 1 hour at 
1100*C. 

A platinum layer was deposited onto the cobalt en- 
riched high rhenium containing nickel based single crys- 
tal superalloy by electroplating, sputtering, CVD, PVD 
or other suitable method to a thickness in the range 2.5 
to 12.5 microns and was heat treated in a vacuum, 
or protective atmosphere, for 1 to 4 hours at a temper- 
ature within the range 900°C to 1150*C to diffuse the 
platinum into the high rhenium containing nickel based 
single crystal superalloy More specifically the platinum 
layer was deposited by electroplating to a thickness of 
7 microns and was heat treated for 1 hour at 1100"C. 

Then the cobalt enriched, diffused, platinum, coated 
high rhenium containing nickel based single crystal su- 
peralloy was aluminised by pack aluminising, out of 
pack aluminising or CVD aluminising within the temper- 
ature range 700*C to HSO^'C. More specifically the co- 
balt enriched, diffused, platinum coated high rhenium 
containing nickel based single crystal superalloy sam- 
ples were aluminised using out of pack aluminising for 
6hoursat10B0*C. 

The platinum aluminised cobalt enriched high rhe- 
nium containing nickel based single crystal superalloy 
was heat treated for 1 hour at 1100^*0 plus 16 hours at 
870' C, One of the samples was examined and no zones 
containing topologicaliy close packed phases were 
found at the interface between the platinum aluminide 
coating and the high rhenium containing nickel based 
single crystal superalloy. 

A high rhenium containing nickel base single crystal 
single crystal superalby substrate 40 with a cobalt mod- 
ified platinum aluminide coating 42 is shown in figure 5. 

Some of the samples were exposed to an oxidising 
environment for 100 hours at 1100*C, and subsequent 
examination revealed no topologicaliy close packed 
phases at the interface between the platinum aluminide 
and the high rhenium containing nickel based single 
crystal superalloy. 

A high rhenium containing nickel base single crystal 
single crystal superalloy substrate 40 with a cobalt mod- 
ified platinum aluminkie coating 42 after exposure to an 
oxidising environment is shown in figure 6. 

It is also to possible to prepare the surface of the 
high rhenium containing single crystal superalloy by re- 



ducing the level of rhenium at the surface of the high 
rhenium containing nickel based superalloy before the 
platinum is deposited onto the rhenium containing single 
crystal superalloy. The rhenium may be removed from 
s the surface of the high rhenium containing single crystal 
superalloy by gases whidi selectively react with the rhe- 
nium in the superalloy at high temperatures to remove 
the rhenium. 

Although the present invention has referred to high 
10 rhenium containing nbkel based single crystal superal- 
loys the invention is also applicable to any high rtienium 
containing nickel based superafloys. 

Although the invention has referred to platinum alu- 
minide coatings the invention is also applicable to other 
IS platinum-group metal aluminkle coatings, for example 
palladium aluminide, rhodium aluminide or combina- 
tions of these platinum-group metal aluminide coatings 
The invention is also applicable to the production of 
platinum-group metal aluminide bond coatings on high 
20 rhenium containing nickel based superalloys for ceram- 
ic themnal barrier coatings, for example plasma sprayed, 
or PVD, ceramic thermal barrier coatings. 

Although the invention has referred to platinum alu- 
minide coatings the invention is also applicable to plat- 
2S inum aluminide-siliclde coatings, alumlnide-silicide 
coatings and simple aluminide coatings orothersuitable 
aluminide coatings. 

in the case of the platinum alumlnide-silicide coat- 
ings the surface of the high rhenium containing single 
BO crystal superalloy is modified by applying the suitable 
metal, for example chromium or cobalt, and heat treat- 
ing or by reducing the rhenium content before applica- 
tion of the platinum aluminide-siliclde coating. 

in the case of the aluminde-siUcide coatings and 
3S aluminide coatings the surface of the high rhenium con- 
taining superalloy is modified by applying the suitable 
metal, for example chromium or cobalt, and heat treat- 
ing or by reducing the rhenium content before applica- 
tion of the aluminide coating or aluminlde-silicide coat- 
40 ing. 

The more detailed description of these coatings is 
provided in the present application and further details 
are available with reference to the aforementk^ned pat- 
ents and published patent applications. 



Claims 

1, A method of aluminising a high rhenium containing 
superalloy (30) comprising the steps of: 

(a) modifying the surface of the high rhenium 
containing superalloy (30) by applying a layer 
of suitable metal to the surface of the high rhe- 
nium containing superalloy (30) and heat treat- 
ing to diffuse the suitable metal into the high 
rhenium containing superalloy (30) to reduce 
the rhenium content of the surface of the high 
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rhenium containing superalloy (30), and 
(b) aluminising the high rhenium containing su- 
peralloy to form an aluminide coating (32). 

2. A method as claimed in claim 1 wherein step (a) 
comprises applying the suitable metal to the high 
rhenium containing superalloy (30) by electroplat- 
ing, sputtering, pack diffusion, out of pack dlffusk^, 
CVD or PVD. 

3. A method as claimed in claim 1 or claim 2 wherein 
step (a) comprises applying chromium, cobalt or 
other metal compatible with the superalloy to the 
surface of the high rhenium containing superalloy 
(30). 

4. A method as claimed in claim 1 , claim 2 or claim 3 
wherein step (a) comprises heat treating at a tem- 
perature in the range of 900°C to 1150*^0 for 1 to 4 
hours. 

5. A method as claimed in claim 1 wherein step (a) 
comprises applying a layer of cobalt to a thickness 
of 2.5 to 12.5 mrcrons to the high rhenium contain- 
ing superalloy (40) by electroplating and heat treat- 
ing at a temperature in the range of 900**C to 
1150*Cfor 1 to 4 hours. 

6. A method as claimed in claim 1 wherein step (a) 
comprises^ chromising the surface of the high rhe- 
nium containing superalloy (30) at a temperature of 
1100^*0 for 3 hours. 

7. A method as claimed in any of claims 1 to 6 wherein 
step (b) comprises aluminising at a temperature In 
the range700'»Cto1150'*C. 

8. A method as claimed in any of claims 1 to 7 wherein 
step (b) comprises pack aluminising, out of pack 
gas phase aluminising, chemical vapour deposition 
or slurry aluminising. 

9. A method as claimed in any of claims 1 to 8 wherein 
the high rhenium containing superalloy (30) com- 
prises 3.5 to 8 wt% rhenium. 

10. A method as claimed in claim 9 wherein the high 
rhenium containing superalloy (30) is nickel based. 

1 1 . A method as claimed In claim 9 or claim 10 wherein 
the high rhenium containing superalloy (30) com- 
prises 3.5 to 6.5 wt% tungsten, 2.0 to 5.0 wt% co- 
balt, 1 .8 to 3.0 wt% chromium. 5.5 to 6.5 wt% rhe- 
nium, 5.3 to 6.5 wt% aluminium, 8.0 to 10.0 wt% 
tantalum. 0.2 to 0,8 wt% titanium, 0.25 to 1.5 wt% 
molybdenum, 0 to 0.03 wt% niobium, 0.02 to 0,05 
wt% hafnium, 0 to 0.04 wt% carbon and a balance 
of nk:kel plus incidental impurities. 



12. A method as claimed in any of claims 1 to 11 com- 
prising after step (a) and before step (b) the addi- 
tional steps of: 

s (c) applying a layer of platinum-group metal to 

the modified surface of the high rhenium con- 
taining superalloy (30), 

(d) heat treating the platinum-group metal coat- 
ed high rhenium containing superalloy (30) to 
10 diffuse the platinum-group metal into the high 

rhenium containing superalloy (30), 

and after step (b) the additional step of: 

IS (e) heat treating the aluminised, platinum- 

group metal coated high rhenium containing 
superalloy (30) to form a platinum-group metal 
aluminide coating (32). 



20 13. A method as claimed In claim 12 wherein step (c) 
comprises applying a layer of platinum-group metal 
by electroplating, sputtering, CVD or PVD to a thick- 
ness between 2.5 microns and 12.5 microns. 

2S 14. A method as claimed In claim 12 or claim 13 wherein 
step (c) comprises applying a layer of platinum. 

15. A method as claimed in claim 12, claim 13 or claim 
14 wherein step (c) comprises heat treating at a 

30 temperature in the range of 900"C to 11 50*C for 1 
to 4 hours. 

16. A method as claimed in any of claims 1 2 to 1 5 com- 
prising the additional step (f) of depositing a ceramic 

35 thermal barrier coating on the platinum-group metal 
aluminide coating (32). 

17. A method as clamed in claim 16 wherein the de- 
positing of the ceramic thermal barrier coating is by 

40 plasma spraying or PVD. 

18. A method as claimed in any of claims 1 to 1 5 where- 
in step (b) comprises diffusing silicon into the high 
rhenium containing superalloy during the aluminis- 

4S ing step to form an aluminide-silicide coating. 

1 9. A method as claimed in claim 1 8 comprising depos- 
iting a slurry containing elemental aluminium and 
silicon powders and heat treating to diffuse the alu- 

so minium and silicon into the high rhenium containing 
superalloy. 

20. A method as claimed in claim 1 9 comprising repeat- 
edly depositing a slurry containing elemental alu- 

55 minium and silicon powders and heat treating to dif- 
fuse the aluminium and silicon Into the high rhenium 
containing superalloy. 
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21. A method as claimed in claim 1 2 comprising diffus- 
ing silicon into the high rhenium containing super- 
alloy during step (b) or during step (d) to form an 
aluminide-silicide coating. 

5 

22. A method as claimed in claim 23 comprising depos- 
iting a slurry containing elemental aluminium and 
silicon powders and heat treating to diffuse the alu- 
minium and silicon into the high rhenium containing 
superalloy. fo 

23. A method as claimed in claim 24 comprising repeat- 
edly depositing a slurry containing elemental alu- 
minium and silicon powders and heat treating to dif- 
fuse the aluminium and silicon into the high rhenium i^ 
containing superalloy. 



20 



24. A superalloy article having an aluminide coating ap- 
plied by the method in any of claims 1 to 23. 

25. A method of aluminlsing a high rhenium containing 
superalloy (30) comprising the steps of: 



a) modifying the surface of the high rhenium 
containing superalloy (30) by reducing the rhe- 25 
nium content of the surface of the high rhenium 
containing superalloy (30), and 

b) aluminising the high rhenium containing su- 
peralloy to form an aluminide coating (32). 

30 
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Fig.3. 




Fig.4. 
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